In 2015, the new installed capacity of global renewable energy power generation exceeded the newly installed capacity of conventional energy power generation, marking a structural change in the construction of the global power system. With the continuous improvement of wind energy utilization technology, the global wind power industry has developed rapidly in recent years. The world's available wind energy is 20 billion kilowatts and has become one of the most economical green power. In China, wind power has become the third largest source of electricity, with the installed capacity increasing from 3.1% in 2010 to 9.2% in 2017. In 2017, China's new installed capacity was 19,660 MW, accounting for 37.45% of the world's new installed capacity. This paper evaluates and compares the efficiency of wind power industry in the four regions of eastern, central, western and northeastern China through EBM models based on radial and non-radial factors. This paper discusses the contribution of China's wind power industry to CO2 emission reduction from the relationship between installed capacity efficiency and CO2 emission reduction efficiency. The conclusions
Introduction
Reducing the burning of fossil energy and accelerating the development and utilization of renewable energy have become the consensus of all countries in the world.
In 2015, the newly added capacity of renewable energy power generation in the world exceeded the newly installed capacity of conventional energy power generation for the first time, marking a structural change in the construction of the global power system.
In 2017, the amount of new renewable energy generated has reached 70% of the net increase in global power generation.
According to relevant estimates, the total amount of wind energy in the world is about 130 billion kilowatts, of which 20 billion kilowatts of wind energy is available, which is 10 times larger than the total amount of water energy that can be developed and utilized on the earth, up to 53 trillion kWh per year. At the end of the 19th century, Denmark began to use wind energy to generate electricity. At present, wind power, as a mature technology and environmentally friendly renewable energy, has been developed and applied on a large scale in the world. In 2019, the cost of the world's lowest cost wind power project is expected to reach or even be less than 3 cents / kWh, making it one of the most economical green power. club for wind power installations, with a total installed capacity of 221GW. On the one hand, the scale of installed capacity has been maintaining a rapid momentum, which is followed by the shutdown, abandonment and the lack of wind power consumption in some areas. In 2018, China's wind curtailment was 27.7 billion kWh.
The main directions of research on wind power efficiency are as follows: The first is the study of the relationship between wind power and energy consumption, such as Leao et al. [1] , Tan et al. [2] , Yang et al. [3] , Yang et al. [4] , Dawn et al. [5] and Gao et al. [6] ; the second is policy development and development strategy research in the wind power industry, such as Yu et al. [7] , Zhang [8] , Tan et al. [9] , Motie et al. [10] , Yu et al. [11] , Li et al. [12] and Kazimierczuk [13] ; and the third, studies on the efficiency of wind power utilization, such as Lu et al. [14] , Kaldellis [15] , Katinas et al. [16] , Pieralli et al. [17] , Liu et al. [18] , Saglam [19] and Zhao [20] .
Previous studies have explored wind power policies, efficiency assessments and environmental impacts, and lacked research on the relationship between clean wind power and CO2 emissions reduction. The research method is dominated by linear or nonlinear methods (SBM). However, the linearity does not consider the Slack factor, and the nonlinearity lacks the linear characteristics. This paper evaluates and compares the efficiency of wind power industry in the four regions of eastern, central, western and northeastern China through the EBM model based on linear and nonlinear factors, and discusses the contribution of China's wind power industry to CO2 emission reduction from the relationship between installed capacity efficiency and CO2 emission reduction efficiency.
The organization of this paper runs as follows. Section 2 is the literature review.
Section 3 covers the research method. Section 4 presents the empirical results and discussions. Section 5 is conclusions.
Literature review
Some scholars have studied the relationship between wind power and power systems, energy consumption, and the environment. Leao et al. [1] argue that wind energy used on the grid on a large scale, bringing many changes to the planning and operation of power systems, transmission and distribution infrastructure, wind power reserves and forecasts, and energy markets. Tan et al. [2] analyzed the policy orientation, existing problems, and operational efficiency and grid integration standards of wind power manufacturing in China from a macro perspective. The results show that the use of wind power can save standard coal consumption and effectively reduce emissions.
Yang et al. [3] found that wind power is more competitive in terms of energy conservation and emission reduction than other power generation systems. If the recovery of the wind turbine disassembly stage is taken into account, energy savings of 46.7% and material recovery rate of 0.467 can be achieved. Yang et al. [4] conducted a quantitative study on the synergistic effects of wind power penetration and energy efficiency in China. Dawn et al. [5] described the promotion policies adopted by the Indian government to rationally utilize renewable energy sources and expand domestic energy security. Gao et al. [6] found that desert wind farms have the least impact on the environment, followed by grassland and woodland wind farms.
Many scholars are committed to policy development and strategy research in the wind power industry. Yu et al. [7] believe that the Spanish electricity market implements a wind energy convertible electricity price policy, which can provide greater flexibility for wind power companies to operate wind power assets, and provide options for coordinating wind power seasonality, power demand and electricity price changes. Zhang et al. [8] studied China's wind power policy from 2005 to 2011 and found that the achievements of China's wind power generation can be attributed to the political motives and institutional arrangements and institutional changes of the Chinese government. Hou [21] used the system dynamics model of wind power to simulate wind power policy results based on complex systems. Tan et al. [9] analyzed the utilization status of renewable energy resources such as wind energy in China, and proposed some improvement measures. Motie et al. [10] innovatively proposed the use of grid-connected electric vehicles and wind resources to address financial support issues in a competitive environment. Yu et al. [11] believe that China's wind energy utilization efficiency is low in the past decade, and it is imperative to introduce reforms in the power industry such as retail-side competition. Li et al. [12] applied the fitting method, game theory and empirical analysis to discuss 134 China's onshore wind power policies from 2005 to 2015. The results show that China's wind power policy has problems such as unreasonable planning, imperfect support policies, immature trading systems, and uncoordinated actions of stakeholders. Kazimierczuk [13] reviewed recent developments and policy frameworks for wind energy in Africa. Park et al. [22] believed that the geographical conditions of South Korea make large offshore wind farm projects relatively independent of various factors. Gupta et al. [23] analyzed the relationship between fiscal mechanisms and wind power capacity in 15 countries and 10 states in the United States from 2006 to 2017. Shen et al. [24] found that different levels of government exercise approval power will affect the growth of regional wind power installed capacity. Lin et al. [25] showed that the demand-pull policy promotes wind power technology innovation through the on-grid tariff policy, and the higher the wind power on-grid tariff, the larger the wind power technology patent stock. Zhang [26] determined the causal relationship between energy intensity targets and wind power generation capabilities. The results showed that mandatory energy goals can promote the development of renewable wind energy in the provinces.
In the research of efficiency/level of wind power utilization, many scholars use the empirical methods such as DEA and factor analysis to measure. Lu et al. [14] proposed that wind energy efficiency, yield and maintenance factor can be used as evaluation indicators to establish a comprehensive evaluation system. According to Kaldellis [15] , compared with traditional power plants and photovoltaic power plants, wind energy have advantages. Katinas et al. [16] calculated the wind energy efficiency of the capacity factor C-P of large wind turbines installed in different regions of Lithuania.
Pieralli et al. [17] analyzed the production losses of 19 wind turbines in four wind farms in Germany and found that losses accounted for 27% of the maximum electricity production. Liu et al. [18] used the data envelopment analysis model to analyze the efficiency of the wind power industry from 2008 to 2012 and found that the performance of the wind power industry is on the rise. Feng et al. [27] introduced and evaluated the distribution of wind resources in China. The wind power generation base of 10gw scale was introduced in detail, and the wind power equipment manufacturers were evaluated. Fan [28] combined with wind power basic indicators, development scale indicators and utilization efficiency indicators to build wind power utilization indicators. The results show that the total utilization level of wind power in China is comparable to that of the United States. Ewertowska et al. [29] introduce a method that combines DEA, LCA, and stochastic modeling to assess the environmental efficiency of a product under uncertainty. It proves that there may be significant differences in efficiency scores between nominal and random conditions. Saglam [19] 
Research Method
Charnes et al. [30] developed the CCR DEA model with a constant returns scale assumption, after which Banker et al. [31] extended these a variable returns scale assumptions to propose a BCC model that measured technical efficiency and scale efficiency. However, as both CCR and BCC were radial DEA models that ignore non-radial slacks when evaluating efficiency values, Tone [32] proposed the nonradial estimation methods to present SBM(slack Decision-Making Unit) efficiency values of between 0 and 1. However, as the SBM was a non-radial DEA model, it failed to consider the radial characteristics; that is, it ignored the characteristics that had the same radial proportions. To address the shortcomings in both the radial and non-radial models, Tone and Tsutsui [33] then proposed the EBM (Epsilou-Based Measure) DEA model, that was input-oriented, output-oriented, and non-oriented, Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2019 doi:10.20944/preprints201911.0095.v1 0 0 and was able to resolve the shortcomings in radial and non-radial DEA models.
Tone and Tsutsui's [33] EBM DEA description for the basic model and solutionwas as follows:
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Generating equipment availability hour, installed capacity, electric energy production and CO2 emission reduction production efficiency indices
Total-factor energy efficiency index is used in this paper to overcome any possible bias in the traditional energy efficiency indicators. For each specific evaluated municipality or province, the generating equipment availability hour(GEAH), installed capacity, electric energy production(EEP),and CO2 emission reduction (CO2 ER)were calculated using Equations (3) 
Data sources and description
This paper collects data from 30 provincial-level administrative regions in China between 2013 and 2017. The eastern region includes Beijing, Tianjin, Hebei, Shanghai, 
Results and Discussion

Statistical analysis of input-output indicators
2013-2017 overall efficiency score ranking
From Table 2 shows China's four regions have efficiency scores and rankings.
Both Fujian and Inner Mongolia have overall efficiency score of 1, indicating that these provinces and cities have no room for improvement. 4．The overall efficiency score and ranking in the northeast increases. Jilin has risen from 18 in 2013 to 12 in 2017. The most significant increase in efficiency is in Liaoning, which increases from 0.569 to 0.825. Notes: "↑", "↓" and "-" respectively indicate that the province's efficiency rankings in the current year have risen, fallen or remained the same as in the previous year；
The data are from the authors' collection. Table 3 shows the installed efficiency and CO2 emission reduction efficiency scores for the four regions during 2013-2017. In addition to Ningxia, the installed capacity efficiency rankings of the provinces are almost the same as the CO2 emission reduction efficiency rankings. The rapid development of the wind power industry has a clear positive relationship with CO2 emission reduction.
4.3Rank of efficiency scores for each indicator
Installed capacity efficiency
The average installed capacity efficiency in the eastern region decline, and the average installed capacity efficiency in the western region increase, while the average installed capacity efficiency in the central and northeastern regions is less obvious. The average installed capacity efficiency in the eastern region is the highest among the four regions, followed by the northeast region and the central region. The average installed capacity in the western region is the least efficient.
Figure 2. Efficiency values of installed capacity in various regions by year
In the eastern region, Zhejiang Province has the highest installed capacity efficiency and the most stable performance, and the efficiency value is stable at 1
Beijing has the lowest annual average installed capacity efficiency, and the efficiency The installed capacity efficiency of these two provinces is declining year by year, which is undoubtedly a waste of wind energy resources.
Carbon reduction efficiency
The trend of the average carbon emission reduction efficiency in the four regions is similar to that of the average installed capacity efficiency. The average carbon emission reduction efficiency is above 0.8 (see Figure 3 ). The average carbon emission reduction efficiency values in the eastern and northeast regions exceeded 0.9 in 5 years, and the improvement space is small. The average carbon emission reduction efficiency in the central and western regions has increased slightly, and the gap between the average carbon emission efficiency in the eastern and northeast regions is narrowing. The provinces with the best CO2 emission reduction efficiency in the western region are Inner Mongolia, Yunnan and Ningxia. The mean values of efficiency are 1, 0.991 and 0.98, respectively, ranking 1, 3 and 6. The CO2 emission reduction efficiency value and ranking in the western region are very different. In addition to the above three provinces, the remaining provinces in the region ranked after 19 countries nationwide.
Although the CO2 emission reduction efficiency in the western region is not well ranked, the efficiency values of the six provinces have increased significantly. Notes: The data are from the authors' collection.
Relationship between installed capacity efficiency and carbon emission reduction efficiency
Conclusion
This study uses the data from 2013 to 2017 to measure the wind power generation 
